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Introduction

Proteins as known are the workloads of the cell. So they 
should be maintained as proper by without loss of functional 
activity in the cell. Protein folding is maintained by the cellular 
chaperones. In unfolded state the free energy change and entropy 
was found to be very high which can be reduced by folding in 
to native state. Some of the proteins with mutations are mainly 
responsible for several misfolding disorders like Alzheimer’s 
disease which forms oligomers that are highly toxic to the cell.

The major thing to be considered in protein folding is that 
the native protein should contain minimum in its Gibbs free 
energy [1]. In folding there is formation of large intermediates 
in between the unfolded and the native proteins. Mostly proteins 
show monophasic unfolding process and multi phasic refolding 
kinetics. Based on NMR and circular dichroism the proteins have 
several intermediates in the folding process [1].

Protein folding is a highly ordered process. The individual 
domains of the protein associate autonomously to form the native 
state. In native form the c- terminal and N-terminal regions are 
adjacent to each other in which the substrate binding ability 
was attributed to the C-terminal end [2]. But however in some 
proteins just combining the domains doesn’t give the native state 
indicating that long range interactions are needed for a protein 
to attain its native state. There are also various sub domains 
in the protein which also associate autonomously to form the 
native form. The protein misfolding mainly involves exposure of 
the buried hydrophobic residues to the solvents and formation  
of the toxic aggregates in the cell. They should be reordered 
again in order to prevent the exposure of hydrophobic residues  

 
to the environment. Protein misfolding is sensed by some of 
the chaperones and folds them in proper way and prevents the 
protein to form toxic oligomers in the cell [3]. Proteostasis which 
makes the cells to respond to the stress and causes chaperones 
to assist the proteins to fold in to its native state. Cystic fibrosis 
which was mainly due to non function of a protein CFTR which 
is a water and surface rehydration ion channel necessary for 
maintaining the moisture in the air ways whose dysfunction 
leads to formation and accumulation of the thick mucus leading 
to inflammation and the disease Cystic fibrosis.

Figure 1: Protein folding and oligomerisation effects on 
cell. Proteins can fold to its native state which is guided by 
themselves but chaperones assist in correct folding and prevent 
oligomerisation of the protein whose failure leads to alteration in
membrane of the cell.

Another protein misfolding disease is the alzeihmers disease 
in which the protein aggregates and form toxic oligomers which 
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Abstract 

The process of protein folding to native protein was one of the most peculiar processes which is ravelled by many of the anti microbial agents 
and genetically altered cells and getting successful by introducing loss of function or gain of function mutations related to the process. Cystic 
fibrosis is one of the well understood diseases that are discussed here. Unfolded proteins are guided by molecular chaperones folding them in 
to its native state. Whereas some of the mutations lead to the generation of misfolded proteins whose study is difficult as aggregation properties 
in the cell differ by type of fusion proteins used .So, continuous effort is being made in this area and the results are promisive but, as most of the 
proteins contain un organised regions of 30 amino acids which is necessary for non specific interactions with proteins. So, as protein –protein 
interactions play a major role, designing therapeutic drugs pertaining to protein –protein interactions is found to be useful.
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bind to the cell surface receptors leading to the alterations of the 
cell membrane [4]. Seminal amyloidal protein was the protein 
that binds to the toxic oligomers and serves as a model for 
studying the disease [5-7]. This review mainly focuses on the 
protein misfolding and its therapeutic application on the cell 
(Figure 1).

Drugs that Selectively Inhibit Protein Folding

As per Tanvier et al. [8] 6-Aminophenanthridine (6AP) and 
Guanabenz (GA the drug used for the treatment of hypertension) 
drugs inhibit protein folding on domain V of ribosome by 
interacting with larger subunit of eukaryotes as well as 
prokaryotes without effecting the protein synthesis on ribosome. 
They are known to interact in a Trans manner affecting the 
various ribosomal proteins especially in yeast by 6AP indicating 
its specificity against eukaryotes than that of GA (Figure 2). From 
the studies of Yanhong Pang et al. [9] 6AP inhibits the protein 
folding in the ribosome through competition.

Figure 2: structures of 6-Aminophenanthridine and Guanabenz. 
These drugs are shown to have structural similarities in their 
binding sites. These drugs also interact with Hsp proteins and 
shown to inhibit prion folding on ribosome. The structures are 
taken from Tanvier et al (2008)

Protection from the Picorna Virus by Preventing the 
Protein Folding

Hsp 90 is one of the molecular chaperones necessary for 
protein folding. So, inhibitors of Hsp 90 were proven as potential 
targets of viral replication. From the previous studies of Ron 
Geller et al. [10] Geldanamycin was proven to be one of the drug 
that inhibit Hsp 90. The inhibitor mainly prevents the interaction 
of Hsp 90 with its co-chaperone P23 so; preventing the folding 
of capsid protein of virus P1 thereby preventing the assembly 
of virus and its replication [11-14]. In reticulocytes where the 
proteo some is inhibited by hemin proved that the capsid will be 
in the unfolded state in the absence of Hsp90 [15].

Protein Folding Aided First Through non Specific 
Interactions

Recent advance in science about studies of CREB protein 
by Eric Sauter et al. [16] detailed that the phosphory lating 
kinase domain of the CREB protein binds non specifically with 
KIX domain of same protein and aids in folding of the protein 
through non specific interaction until it reaches the target. 

So, targeting the proteins by drugs that disrupt the protein –
protein interactions are a widely studied aspect to develop new 
therapeutic and pharmacological targets now (Figure 3).

Figure 3: The CFTR one of the model that has three classes 
of mutations. The class I show the mis folding of the protein 
and is targeted to plasma membrane in mis folded state. Class 
II mutation includes CFTR defective in transport and class III 
mutant defective degradation of protein. This figure was taken 
from Douglas Fraser-Pitt & Deborah O’Neil Cystic fibrosis – a 
multi organ protein mis folding disease Future Sci. OA (2015) 
FSO57

Formation of Aggregates Depends on Sequence of the 
Proteins

Figure 4: The various constructs of CFTR and localization of 
aggregates: when the constructs are fused with green fluorescent 
protein it localized in the nucleus and independent expression 
without GFP showed aggregation related to mitochondria and 
with heme agglutinin no such difference is noticed.

Aggregation of proteins is the major problem in most of 
the protein misfolding disorders. One of the diseases that are 
associated with aggregation is cystic fibrosis. So, understanding 
the mechanism of aggregation formation and its distribution 
with respect to the cell is very useful. From the previous studies 
of [17,18], the CFTR C-terminal fragment showed distinct 
distribution with perinuclear accumulation and without GFP 
showed aggregation of protein in mitochondria and the amino 
acid substitutions changed the aggregation pattern of protein 
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[19]. Huntington disease and CFTR showed distinct distribution 
of aggregates. More overly Hsp 90, Hsp 40, Hsp 70was known 
to be associated with the aggregates and the unknown motor 
protein of microtubules is necessary for movement of the protein 
aggregates to the periphery of the cell [20] (Figure 4).

Discussion

Protein folding is one of the complex process in the cell which 
should be regulated, as accumulation of misfolded proteins 
are the major cause of most of the diseases like alzeihmers 
disease, Huntington’s disease and cystic fibrosis. In all cases the 
misfolded proteins are aggregated inside the cell and lead to 
strong immunogenic reactions causing the death of the cell. As in 
other case misfolding mutations in proteins of genetically altered 
cells like that of myc-c is one of the major problems identified 
now. Recent advances have shown that the protein – protein 
interactions like that of CREB protein and most other proteins 
has been used as one of the powerful mode for developing the 
therapeutic targets against the viruses and cancer. Prevention of 
aggregation of fibrils intracellular is one of the possible modes to 
prolong the life expectancy of an alzeihmers disease individual. 
Inhibitors of chaperones should be considered again as it also 
inhibits the folding of host protein also although it occurs 
autonomously.
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